A crucial etiologic factor for the appearance of periodontal disease is accumulation of bacterial plaque on tooth surfaces. 1 It could have harmful consequences, leading to tooth loss if left untreated. 2 The World Health Organization acknowledges dental caries and periodontal diseases as the most common oral diseases, and periodontitis as one of the most common chronic diseases worldwide. 3 Herbal extracts have been used for centuries in indigenous medicine as prophylaxis and to cure. Extracts of herbal plants and natural products, such as acacia arabica, 4 eucalyptus, 5 and propolis, 6 are widely used in allopathic medicine for their antimicrobial properties. However, limited knowledge exists regarding their possible side effects on cells of the host. 7 Mastic is a resin obtained from stems and leaves of the Pistacia lentiscus tree, grown on the Greek island of Chios. Mastic has been used for as long as 5,000 years as adjunct to the treatment of digestive diseases, but in recent decades it has also been studied for possible clinical application in stomach and duodenal ulcers. [8] [9] [10] The antibacterial activity of one of its main components, triterpenic acid, against Helicobacter pylori was recognized as the main beneficial factor when used in these conditions. 9, 10 Studies indicated that mastic resin might affect oral bacteria because delayed plaque accumulation in the oral cavity was found. [11] [12] [13] [14] Other authors proposed that mastic might possess hepatoprotective, 15 antiatherogenic, 16 and antioxidant 17 properties. Mastic administration could exert some beneficial effects on the clinical course and plasma inflammatory mediators of patients with active Crohn's disease. 18 Possible cytotoxic effects of mastic in normal human 19 and cancer cell lines, [20] [21] [22] were also described and recently comprehensively reviewed. 23 The rationale of the present study was to determine the antimicrobial effect of mastic extract on known oral and periodontal micro-organisms, as well as to evaluate its possible cytotoxic effects toward cells of epithelial and mesenchymal origin, compared with hydrogen peroxide (H 2 O 2 ) and chlorhexidine digluconate (CHX).
MATERIALS AND METHODS

Chemicals
Chemicals and reagents used in the study were as follows, obtained from Biochrom, Berlin, Germany, unless explicitly stated otherwise: Dulbecco's modified Eagle's medium (DMEM), ‡ fetal bovine serum (FBS), § McCoy's 5A modified liquid medium, i phosphate buffered saline (PBS), ¶ non-essential amino acids (NEA), # amphotericin B,** penicillin/ streptomycin, † † l-glutamine, ‡ ‡ a-medium, § § trypsin/ EDTA solution, ii Columbia-agar, ¶ ¶ sheep blood, ## vitamin K,*** brain heart infusion (BHI), † † † sheep blood, ‡ ‡ ‡ 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide assay (XTT assay), § § § neutral red (NR) assay, iii CHX, ¶ ¶ ¶ and H 2 O 2 . ###
Mastic Extract
For agar diffusion assays, 1%, 2%, and 3% mastic extract dissolved in 20%, 25%, 33%, and 38% ethanol were used. All of the above-mentioned mastic mixtures were obtained as ready-to-use solutions.**** As in pretests (results not shown), mastic concentrations below 1% did not exert any effect on the bacterial growth. Because mastic extract concentrations above 3% and ethanol concentrations under 20% yielded unstable solutions, producing a pellet, it was decided that mastic extract concentrations of 1% to 3% dissolved in 20% to 38% ethanol would be used for antibacterial assays. For cell cytotoxicity assays, only a solution of 2% mastic extract in 38% ethanol was used. Agar disc diffusion method. A modified disc diffusion method was used. 15 Each plate had a unified quantity (20 mL) of blood agar. Bacterial concentrations were determined with photospectrometry by comparing turbidity with the McFarland 0.2 standard. Each agar dish was impregnated with 100 mL of the corresponding microbial suspension. Six-millimeter paper discs † † † † were impregnated with 20 mL of the corresponding test solutions: 1%, 2%, and 3% of mastic extract, each in increasing concentration of ethanol solvent (20%, 25%, 33%, and 38%). Commercially available 0.2% CHX containing antiseptic mouthrinse and 3% H 2 O 2 dental solution were used as positive controls. Ethanol, at the corresponding concentrations, was used as a negative control. Plates were incubated at 37°C for 72 hours under anaerobic conditions. After incubation, bacterial inhibition growth zones were measured. Medium inhibition zones were calculated after carrying out at least nine independent experiments with each bacterium.
Antibacterial Assay
Cell Viability and Proliferation
Preparation of cell cultures. Four permanent cell lines of epithelial and mesenchymal origin (immortal keratinocyte cell line HaCaT, human osteoblastic cell line SaOS-2, mouse fibroblast cell line MC3T3-E1, and human gingival and periodontal ligament [PDL] fibroblast cells), all obtained from DSMZ, were used in the cytotoxicity experiments. In cell proliferation tests only 2% mastic solution in 38% ethanol was used as it had shown the most convincing results in the antibacterial assays. HaCaT and PDL cell lines were cultured in DMEM medium supplemented with 10% heatinactivated FBS, 1% NEA, 1% penicillin/streptomycin solution, and 1% amphotericin B. The MC3T3-E1 cell line was cultured in a-medium supplemented with ‡ Biochrom, Berlin, Germany.
Biochrom. ## ACILAAG, Mörfelden, Germany. *** Sigma-Aldrich, Munich, Germany. † † † Sifin Diagnostics, Berlin, Germany. ‡ ‡ ‡ Sifin Diagnostics. § § § AppliChem, Gatersleben, Germany. iii Merck, Berlin, Germany. ¶ ¶ ¶ GlaxoSmithKline, London, U.K. ### Sigma-Aldrich. **** Arcadia UG, Kleinmachnow, Germany. † † † † Oxoid, Basingstoke, U.K.
10% heat-inactivated FBS, 1% penicillin/streptomycin, and 1% L-glutamine. SaOS-2 cells were cultured in McCoy's medium supplemented with 10% heatinactivated FBS and 1% l-glutamine. All cell lines were cultivated in cell culture flasks in a humidified 5% CO 2 . After reaching two-thirds convergence of the flask bottom, HaCaT, SaOS-2, MC3T3-E1, and PDL cells were trypsinized and seeded with 200 mL nutrition medium into 96-well plates ‡ ‡ ‡ ‡ at densities of 1 · 10 4 cell/well and were incubated at 37°C in air containing 5% CO 2 for at least 24 hours. Cells were incubated until they reached 80% confluence. The nutrition medium was removed, cells were gently rinsed with PBS, and three different application times (5, 10, and 15 minutes) were tested in each group, using 2% mastic extract in 38% ethanol, 0.2% CHX, 3% H 2 O 2 , as well as normal nutrition medium as control. Test and control agents were removed. Cells were gently rinsed with PBS, and 200 mL nutrition medium was applied to each well.
Cell proliferation and viability were evaluated using the metabolic XTT assay and NR assay, both assays carried out following the protocol provided by the manufacturers. 24, 25 For NR uptake assay, cells were treated with the test solutions for 5, 10, and 15 minutes. After 2 hours of incubating at 37°C in air containing 5% CO 2 , light absorbance was measured at 540 nm using a microtiter plate spectrophotometer. § § § § For XTT assay, cells were treated with the test solution for 5, 10, and 15 minutes. At 2, 4, and 6 hours after the treatment, light absorbance of the samples was measured at 490 nm.
Statistical Analyses
Data were analyzed by unpaired two-sided t tests. Because comparison of mastic to the three references, CHX, H 2 O 2 and control, includes three tests, the significance level was adjusted for the Bonferroni correction. Therefore a P value of 0.016 was considered statistically significant.
RESULTS
Agar Disc Diffusion Method
The antibacterial effect of the tested solutions was determined by measuring the radius of the inhibition zone. All tested mastic solutions showed statistically significant antibacterial effects toward Pg, Aa, Pi, Fn, and So compared with H 2 O 2 ( Fig. 1) . Treatment with mastic extract led to inhibition zones of 12 to 25 mm, which corresponded to 33% to 95% of the inhibition zone achieved by the positive control CHX. The greatest inhibition zones with mastic extract were obtained for Pg. Otherwise, Sm seemed resistant to any mastic solution. Ethanol, used as a negative control, did not form an inhibitory zone with any of the micro-organisms tested.
XTT Assay
No significant effect of mastic on cell survival was seen among the tested cell lines using the XTT assay (Fig. 2) . On the other hand, CHX and H 2 O 2 significantly inhibited cell growth of almost all the tested cell lines. Only in SaOS-2 were no effects on cell growth detected using H 2 O 2.
NR Uptake Assay
The NR assay supported results obtained by XTT assay, showing that mastic extract does not inhibit cell survival. The lysosomal activity in HaCaT and MC3T3-E1 cells treated with CHX and H 2 O 2 was significantly decreased at 15 minutes for both substances (Fig. 3) . However, in SaOS-2, no change was found in lysosomal activity with any of the three tested substances.
DISCUSSION
Multidrug-resistant bacteria are on the rise and may pose a future challenge in the treatment of periodontal diseases. 26 During the past three decades, use of antibacterial agents in the oral prophylaxis and therapy of periodontal diseases has evolved from initial controversy 27, 28 to a consensus acknowledging their favorable influence on the outcome of periodontal diseases. [29] [30] [31] [32] However, because of the widely used empirical antibiotic treatments in patients with severe chronic and aggressive periodontitis, drug-resistant pathogens often evolve and may create serious clinical problems. [31] [32] [33] For years, CHX has been the most commonly used agent to limit the appearance of bacterial plaque formation. However, there is enough evidence that it exerts various side effects on normal mouth cavity tissue. [34] [35] [36] [37] [38] Aa, Pg, Pi, Fn, Pn, and So are acknowledged as the main etiologic agents in the appearance of destructive periodontal diseases. 39 Sm is otherwise the predominant species isolated from human saliva and dental plaque, 40 and it has been widely recognized as the major etiologic agent for dental caries. In vitro effects of mastic extract on the growth of the abovementioned pathogens in comparison to common antimicrobial agents, CHX, and H 2 O 2 , were examined. Experimental setups were chosen to extend the limited and partially contradicting observations from earlier reports. 11, 13, 14, 19, 41 In the first part of the current study, examining the antimicrobial properties, mastic extract exerted a statistically significant growth inhibition for almost all bacteria tested compared with H 2 O 2 . However, in contradiction to a different report, 13 no effect of mastic extract was seen on growth of different strains of Sm. The results demonstrate that clinically applicable concentrations of mastic extract may have a modest antibacterial effect, however, which is less effective than CHX, a mouthrinse used as a gold standard in periodontology. 42 Further, mastic solution inhibited growth of possible oral pathogens more sufficiently compared with H 2 O 2 . This effect is potentially due to the fast deactivation of H 2 O 2 in body fluids. 43 Interestingly, mastic extract did not induce any signs of hemolysis in blood agar, but CHX produced large hemolytic zones, a sign of potential harm. 44 In addition, effects on viability of keratinocytic, osteoblastic, and fibroblastic cell lines were analyzed by two distinctive cell viability tests. Both NR and XTT assays demonstrated that mastic extract was not harmful for the tested cell lines, and its potential cytotoxicity was equivalent to that of the corresponding culture media used as negative control. Interestingly, the present results contradicted three previous reports, [20] [21] [22] which implied that mastic may have cytotoxic effects even in low concentrations (0.01% to 0.1%). 22 However, the results are barely comparable because the above-mentioned studies differ in methodology for detection of apoptosis (caspase-3 activity, 20, 22 poly [ADP-ribose] polymerase degradation, 20 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 21 and cell proliferation kit 22 ), solvent (dimethyl sulfoxide 21, 22 ), incubation times (24 to 72 hours 20, 21 ), and the cell lines used. In the present study, slow-growing cell lines were applied, whereas fast-growing cell lines, such as leukemia, prostate, and colon cancer cells, were used in earlier reports. [20] [21] [22] [23] In contrast to mastic extract, both CHX and H 2 O 2 showed significant cell cytotoxicity in all cell lines tested.
CONCLUSIONS
Results of the present study suggest that mastic extract can be considered a promising alternative antibacterial agent in prevention of plaque-induced periodontal diseases. It may be a substitute for standard mouthrinses, but without the unwanted side effects on cell viability. Moreover, it may circumvent a possible appearance of drug resistance. Regular uses of mastic solution may also include pathologic states such as allergies [45] [46] [47] and asthma 48 and where mechanical hygiene measures or common mouthrinses would be not applicable. Mastic extract could be suitable for patients who tolerate only natural ingredients and, above all, those with chronic gastroduodenal diseases because the beneficial effects of mastic extract on these conditions are suggested. 49, 50 However, the influence of mastic extract on keratinocytes and other cells of oral origin in vivo is still unknown, and further investigations are warranted. In addition, longer term investigation is required to evaluate further usefulness of this natural product.
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